ACCESSORY CHROMOSOME IN SORGHUM NITIDUM PERS ( 
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Abstract: The accessory chromosome of Sorghum nitidum appeared 
to be an iso-chromosome that exhibited considerable inter-arm pairing 
at pachytene. The centromere misdivision and subsequent structural 
changes of the nucleolus associated chromosome is postulated as the 
possible mechanism for the origin of the accessory chromosome in 
S. nitidum. In microsporocytes, the accessory chromosomes usually 
divided equally at AI and the members, though often lagging, even¬ 
tually move to the opposite daughter nuclei. But the accessory chro- 

with one accessory chromosome, a low frequency of bridges with 
fragments at AI was observed. This fact indicates that the accessory 
chromosomes may possible induce the paracentric inversion and crossing 
over within the inversion loop in the A-chromosomes. The accessory 

INTRODUCTION 

Accessory chromosomes, also called supernumerary or B chromosomes have been 
discovered in a large number of plant species, especially in the Gramineae (Carnaham 
and Hill, 1961). They are also known to occur in insects and other animals (Melander, 
1950; Battaglia, 1964). As to the designations, they are chromosomes which are 
present in addition to the normal karyotype, and are not, or only partially, homolo¬ 
gous with members of the normal complement. 

These extra chromosomes have certain characteristics in common, such as shorter 
length and a greater proportion of heterochroraatin than is characteristic of the 
normal chromosome complement, although the reverse is true in some instances. 
In Tradescantia and Trillium (Sparrow, Pond and Sparrow, 1952), for example, 
accessory chromosomes appear to be largely euchromatic, and in maize (Rhoades, 
1955) they contain both kinds of chromatin. The other characteristic is that the 
accessory chromosomes appear to be genetically inert. They have no apparent 
phenotypic effects when only a few are present, but Randolph (1941) has reported 
that corn plants with large numbers of accessory chromosomes are characterized 
by reduced fertility and vigor. Similar effects were observed in rye by MUntzing 
(1943), and in Festuca pratensis by Bosemark (1957a). 

In plants, there is, as yet, no satisfactory hypothesis for the origin of accessory 
chromosomes, although many authors have discussed possible sources. Accessory 
chromosomes in certain animals, however, are apparently derived from members of 
the sex chromosome complement, as for example those described by Swanson (1957) 
in Metapodius terminals. These could easily have arisen by deletion from the 
heterochromatic Y-chromosome; any fragment would be preserved since the chro¬ 
mosomes of Metapodius have a diffuse centromere. 
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Studies of the meiotic behavior of accessory chromosomes indicate that they 
seldom pair with chromosomes of the normal complement. Usually the accessory 
chromosomes have been found to divide during meiosis, although non-division of 
the accessory chromosome at AI is also occasionally found. The daughter accessory 
chromosomes, though often lagging, eventually move to the poles, thus the accessory 
chromosomes may be preserved in germ line and descend to progenies (Somaroo 
and Grant, 1971; Hutchison and Bashaw, 1963). But in some species of plants the 
accessory chromosomes may be eliminated from roots (Darlington and Thomas, 
1941; Berger, McMahon and Witkus, 1955; Miintzing, 1966). 

Effects of accessory chromosomes on meiosis were reported by Mochizuki (1957) 
for Aegilops mutica in which the presence of a single accessory chromosome was 
associated with meiotic irregularities. Nielsen (1955) found nucleolar like globules, 
bridges, multiple anaphase chromosomal associations and collapse of microspores in 
the plants of Bromus inermis having accessory chromosomes. Hanson (1969) showed 
that accessory chromosomes of maize increase the crossing over percentages in the 
A-chromosomes when they are present. 

The purpose of this paper has been to obtain information about the possible 
source of the accessory chromosome in Sorghum nilidum, in addition, the meiotic 
and the mitotic behavior of the accessory chromosome and its genetical and cytolo- 
gical effects have been studied. 

MATERIALS AND METHODS 

Sorghum nitidum plants with and without accessory chromosome used for this 
study were collected at Kenting in Taiwan. This species is a perennial and normally 
self-pollinating grass. By means of root cuttings, the plants have been cultivated 
in the pots of the green house in the department of Agronomy, National Taiwan 
University for several years. 

For cytological analyses of microsporocytes, spikes were collected from plants 
with and without accessory chromosome and fixed in ferric propionic alcohol. 
Squash preparations of root tip and shoot apex meristems were used to obtain 
somatic chromosome numbers. Analyses and photomicrographs were made from 
temporary smears stained with propiono-carmine. Pollen fertility estimates were 
based on staining reaction in an I,-KI solution. 

The self-fertilizing seeds of plants with one accessory chromosome were ger¬ 
minated in petri dishes. After germination these self-fertilizing progenies were 
transplanted in pots, but only five of them grew to maturity. 

Morphological observations were made on the plants with and without accessory 
chromosome. 

RESULTS AND DISCUSSION 
The meiotic behavior of the accessory chromosome 

Plants of S. nitidum without accessory chromosome (2n=10) served as controls. 
They displayed the expected regular meiotic behavior. Therefore, the descriptions 
of meiosis in this paper involve only the plants of S. nitidum with one accessory 
chromosome (2n=10+lB). 

The accessory chromosomes of S. nitidum at the pachytene stage are clearly 
hetcrochromatic, they seem to be an iso-chromosome and show inter-arm pairing, 
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but do not pair with members of the normal complement. In some microsporocytes, 
pachytene accessory chromosomes showed a tendency to form association with 
chromosomes of the normal complement at their centromeres (Fig. 1), but this was 
not a constant feature. The centromere association has been observed in some other 
species of animals and plants (Brown, 1966). For example, the Y-chomosome in 
Drosophila and accessory chromosomes in some species of mealy bugs and maize 
are composed mostly of heterochromatin. Sometimes the heterochromatin regions 
of different chromosomes in the same cell coalesce at their centromeric regions and 
form an amorphous chromocenter. Some factors, possibly genic, may have been 
connected with the centromere association, but the true reason for the centromere 
association is unknown. The character of centromere association gives poor spreading 
in pachytene chromosomes and hence offers considerable difficulty in pachytene 
analysis of S. nitidum. The centromere of the accessory chromosome at the pachy¬ 
tene stage sometimes appeared weak and when visible appeared to be terminal or 
nearly terminal (Fig. 2). 

At diakinesis, the accessory chromosome formed into a dot (Fig. 3), and remained 
as univalent and did not pair with the normal complement. The accessory chromo¬ 
somes still persisted as univalents at MI. They usually lie towards the periphery 
of the spindle, but occasionally are situated at the equatorial plate amidst or beside 
the normal bivalents (Fig. 4). The accessory chromosomes may pass to the pole at 
AI as observed in 61.32 percent of 592 cells (Fig. 5), and in the remaining 38.68 
percent of the cells the accessory chromosomes lagged behind (Fig. 6). However, 
most of the laggards at AI were eventually included in the TI nuclei. This is 
evident from a comparison between the values in Table 1 indicating that the 
percentage of cells with laggards at TI (Fig. 7) is much lower than that at AI. 
The fact that accessory chromosomes migrate eventually with the normal complement 
to the poles, also suggests that the accessory chromosome has a centromere and is 
not an acentric fragment. At AI, the undivided accessory chromosome occasionally 
moved to one of the poles (Fig. 5); at other times, it divided at the equatorial plate 
(Fig. 8) and the daughter accessory chromosomes separated to the poles. From 
counts of chromosome number in Mil dyad groups, we deduced that the accessory 
chromosome in 68.99 percent of 129 cells (89 cells out of 129) might divide mitotically 
at AI and the sister chromatids advanced to opposite poles so that 6-6 chromosome 
distribution resulted in dyad group (Fig. 9). Whereas, in 31.01 percent of 129 cells 
(40 cells out of 129) the accessory chromosome did not divide at AI but migrated 
with the normal complement to one pole, consequently the chromosome distribution 
of 5-6 was observed in the dyad group (Fig. 10). The accessory chromosome which 
did not divide at AI might divide at All (Fig. 11). However, these accessory 
chromosomes divided only once in meiosis, further secondary divisions of accessory 
chromosomes at All was not observed in this study. The movement of the accessory 


Table 1. 


Percentages of microsporocytes with lagging accessory chromosome 
at AI and at TI in plants having one accessory chromosome _ 

No. of microsporocytes I No. of microsporocytes j Percentage of micro- 
without laggards [ with laggard j sporocytes with laggard 


AI 

TI 
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This fact indicates that the chromosomes of the normal complement may also 
occasionally lag and be present outside the daughter nuclei, so the quartet micronuclei 
do not entirely account for the accessory chromosomes. Accessory chromosomes, 
which are not necessary for the survival of a species are subject to loss unless 
there is a mechanism for preservation. One method of preservation is the movement 
of accessory chromosomes to the poles. In the present investigation, there is a 
relatively low number of micronuclei in the quartets of the plants with one accessory 
chromosome, (only 5.31 percent of the quartets had micronuclei in one or two of 
the quartet cells); so it would seem that in S. nitidum the accessory chromosome 
elimination in the germ line should be slight. However, the contrary results were 
obtained, all of the five surviving Fi plants resulting from selfing parent plants 
with one accessory chromosome had no accessory chromosome. The absence of an 
accessory chromosome in self pollinating progeny suggested that accessory chromo¬ 
some might not be transmitted to the progeny in this case. Studies of the first and 
second divisions of the microsporocytes as mentioned previously failed to show any 
mechanism for loss of accessory chromosome in self-pollinating progeny. However, 
only five progeny plants were studied, so the observations should not be generalized. 
The sample of the five self-pollinating progeny obtained by parents plants with one 
accessory chromosome is too small to give reliable information about the accessory 
chromosome transmission in present experiment. Therefore, this phenomenon that 
the accessory chromosome is not transmitted to the progeny in this case may be 
possibly explained as being due to the small sampling. 

In many species of plants, the accessory chromosome was found regularly to 
undergo non-disjunction directed towards the generative nucleus at the first mitosis 
in the pollen grains as well as in the ovules (Mttntzing, 1946; Hakansson, 1948; 
Bosemark, 1957b). This causes a doubling or at least a pronounced increase in the 
number of accessory chromosomes in the offspring. But the number of accessory 
chromosomes that can be tolerated in the plant is limited, therefore, the number of 
accessory chromosomes per plant in the population does not exceed a certain limi¬ 
tation. With respect to the non-disjunction mechanism in pollen mitosis and the 
consequences of this on the maintenance and spreading of the accessory chromosomes 
in S. nitidum will be discussed in detail in future investigation. 

The possible origin of accessory chromosome 


Explanation of Plate II 

Fig. 9. At Mil, each one of the dyad cells contains 5 regular univalents and a chromatid 
member of the divided accessory chromosome. 

Fig. la At Mil, one of the dyad cells contains 5 regular univalents, and the other contains 5 

Fig. 11. The accessory chromosome divides at late All. 

Fig. 12. The undivided accessory chromosome lags behind at late All. 

Fig. 14. A somatic metaphase shows 10 regular chromosomes and one accessory chromosome. 

Fig. 16 . At pachytene, the nucleolus associated chromosome is entirely heterochromatic in its 
short arm. whereas the heterochromatic region on the long arm is very short. 
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Several workers have considered that accessory chromosomes may arise as the 
result of structural rearrangement of the chromosomes within the normal complement. 
There structural alternations may involve translocations and inversions; such as 
Lewis (1951) has postulated that unequal distribution in translocation of heterozygotes 
are a probable mechanism in the origin of accessory chromosomes in Clarkia elegans. 
Swanson (1943) assumed the presence of overlapping inversions in Tradescantia 
consequent crossing over in the area of the overlap could result in the origin of 
accessory chromosomes. 

Some other authors believed that the origin of accessory chromosomes is 
associated with polyploidy or hybridization. For instances, Hutchison and Bashaw 
(1963) stated that quadrivalent associations are characteristic of normal tetraploid 
Panicum coloratum and aneuploid offsprings are frequently produced. Therefore, 
meiotic irregularity such as lagging chromosomes would be expected in tetraploid 
plants. If accessory chromosomes originate as a result of such irregularities, euploid 
plants could produce progeny with accessory chromosomes. In Lotus, hybridization 
is known to have led to meiotic irregularities (Nettancourt and Grant, 1964; Somaroo 
and Grant, 1971), and the accessory chromosome in this case is mostly likely a 
by-product of chromosomal instability associated with hybridity. This explanation 
has been suggested by Levin (1967) to explain a similar case in Phlox. Hybridi¬ 
zation has been also suggested as the possible mechanism for the origin of accessory 
chromosomes in Anthoxanthum (Ostergren, 1947) and Oenothera (Cleland, 1951). 

Although several theories concerning the possible origin of accessory chromo¬ 
somes were suggested by many authors as above mentioned, the origin of accessory 
chromosomes in plants is still not definitely known. In the present investigation, 
we wished to obtain informations regarding the origin of the accessory chromosome 
of 5. nitidum on the basis of its meiotic behavior and the results of careful morpho¬ 
logical comparisons between the accessory and the normal chromosomes especially 
at pachytene stage. 

The behavior of the accessory chromosomes of S. nitidum during meiosis as 
mentioned in the preceding section appeared similar to that of univalent chromo¬ 
somes at meiosis. The fact that accessory chromosomes behaved in this manner 
suggests they may perhaps originate from lagging univalents. Furthermore, at 
diakinesis (Fig. 3), MI (Fig. 4), and AI (Fig.5), the accessory chromosome can be 
clearly seen to be univalent. At somatic metaphase (Fig. 14), the accessory chromo¬ 
some can be also seen to be a single chromosome as the members of the normal 
chromosome complement. Accordingly, the width of accessory chromosome should 
be half of the normal bivalent at pachytene. However, our observation is contrary 
to this expectation, at pachytene of meiosis, the accessory chromosome is same as 
the normal bivalent in width. Moreover, we saw that the pachytene accessory 
chromosome is composed of two strands in some preparations (Fig. 1) and its 
centromere is represented as terminal although it sometimes may be nearly terminal 
(Fig. 2). On the basis of these facts, we postulated that the accessory chromosome 
of 5. nitidum in the present study, appears to be an iso-chromosome, and the iso¬ 
chromosome exhibited considerable inter-arm pairing at pachytene; the two arms 
of this chromosome type are identical and hence perfectly homologous. The iso¬ 
chromosome might be expected, when present singly, to form ringed univalents, 
but these have not been clearly seen in this experiment, likely due to their small 
size. Bosemark (1956) intensively studied the morphology of accessory chromosomes 
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at prophase of meiosis in Phleum phleoides. In a few plants he found that two types 
of accessory chromosomes are also iso-chromosomes, each arm being identical with 
the short or long arm of the standard accessory, therefore, these two types seemed 
to be derivatives from the standard accessory. Their iso-chromosome types also 
exhibited considerable inter-arm pairing at pachytene as we found in our present 
materials. 

In the present investigation, pachytene analysis revealed that the nucleolus 
associated chromosome of S. nitidum (Fig. 16) is entirely heterochromatic in its 
short arm. The average length of this heterochromatic short arm is 11.62 *i, whereas 
the heterochromatic region on the long arm of the nucleolus associated chromosome 
is very short, only 2.04 /i. The heterochromatic regions on both arms of the other 
four normal chromosomes are short (Figs. 21a, 21b), which range between 1.18 /t to 
3.09/1. This shows that the heterochromatic short arm of the nucleolus associated 
chromosome is much longer than the other heterochromatic regions of the normal 
chromosome complement. Pachytene accessory chromosome of S. nitidum is also 
heterochromatic along its whole length (Fig. 2). The average value of length obtained 
by accurate measurements of the pachytene accessory chromosome is 9.55 h, which 
approaches to the length of the heterochromatic short arm of the nucleolus associgjed 
chromosome. Furthermore, from morphological considerations, pachytene accessory 
chromosome appears to possess a terminal knob distal to the telo-centromere, and a 
thin "neck region” separates the knob from the heterochromatic arm, this terminal 
knob is much like the satellite on the terminal end of the short arm of the nucleolus 
associated chromosome. As above mentioned, we know that the morphology of the 
accessory chromosome looks like the short arm of the nucleolus associated chromosome 
at pachytene. The phenomenon that close relationship exists between the accessory 
chromosome and nucleolus associated chromosome was also reported by Li and 
Jackson (1961). In Ilaplopappus spinulosus ssp. cotula, they found that the length 
and structure of the pachytene accessory chromosomes bears a close resemblance to 
parts of the nucleolar organizing chromosome. 

On the basis of our experimental results and information suggested by other 
workers, the origin of the accessory chromosomes are believed to be attributed to 
possible fragmentation of a chromosome in the normal complement, and to be 
associated with meiotic anomalies and structural rearrangements. From these data, 
we have offered a possible explanation for the origin of the accessory chromosome 
of S. nitidum as follows: S. nitidum is a naturally self-fertilized plant, but naturally 
occuring cross fertilization among the various subspecies of S. nitidum may have 
taken place occasionally. This hybridization may have led to meiotic irregularities, 
for example, chromosome non-disjunction. While meiotic irregularity such as 
lagging chromosomes may occasionally be expected to occur even in the normal 


Explanation of Plate III 

Fig. 17. A bivalent delays to separate at Al. 

Fig. 18 . A bivalent separates precociously at MI. 

Fig. 19 The Al figure shows a bridge with a fragment and a lagging accessory chromosome 

Fig. 20 The Al figure shows a bridge with a fragment, but the undivided accessory chromosome 
has reached one of the opposite poles. 

Fig. 21a. This cell shows a photomicrograph of pachytene chromosomes in Sorghum nitidum. 



diploid plants of S. nitidum, the aneuploid offsprings may be expected to be pro¬ 
duced due to such meiotic irregularities and an extra univalent in the aneuploid off¬ 
springs may be introduced into a species in such cases. In the present investigation, 
the extra chromosome to be introduced into the species is the nucleolus associated 
chromosome. Once the extra nucleolus associated chromosome is introduced into 
the species, it may undergo structural alteration such as a transverse breakage, 
near the centromere, in the long arm. Consequently, the long arm of the nucleolus 
associated chromosome for lack of a centromere, would be lost, whereas the hetero- 
chromatic short arm, having a centromere, would be preserved. The similar hypo¬ 
thesis that the extra chromosome resulted from loss of one arm of a chromosome 
by spontaneous fragmentation was also suggested by Whitaker (1936) in Tradescantia. 
The telocentric accessory chromosomes, however, may not remain stable as shown 
by Rhoades (1940, 1955) and Sears (1952). Should the heterochromatic arms of the 
telocentric chromosome, for example, become oriented in a 180-degree configuration, 
a stable iso-chromosome with identical arms may be formed. Under these processes, 
a secondary trisomic plant of S. nitidum was produced. However in our observation, 
the extra chromosome present in the pachytene cell did not pair with any regions 
of the nucleolus associated chromosome, and at diakinesis or at MI, a ring of three 
chromosomes configuration which characterizes the secondary trisomic type was not 
observed, indicating that subsequently the iso-chromosome of the secondary trisomics 
must have undergo structural changes and mutation, they could lose some homology 
with the short arm of the nucleolus associated chromosome and thus evolve into the 
accessory chromosome found in 5. nitidum. 

Somatic elimination of accessory chromosome 

In many plants and animals, accessory chromosomes have been found to exist 
as a constant number in all parts of the organism in which they occur. However 
in some species the chromosome number may vary in different parts of the same 
individual. As in Xanlhisma texanum, Berger and Witkus (1954) described that 
plants with accessory chromosomes usually have eight accessory chromosomes in 
the cells of the roots and ten in the cells of the shoots. Further studies (Berger, 
McMahon and Witkus, 1955) indicated that chromosome elimination was brought 
about by lagging of the accessory chromosomes at mitosis during the formation of 
the embryonic root. Darlington and Thomas (1941), working with accessory chro¬ 
mosomes in Sorghum purpureo-sericeum, found that the accessory chromosomes were 
not present in the roots due to non-disjunction during mitosis, yet maintained in 
those cells that become the germ track. Hakansson (1948) found that the accessory 
chromosomes of Poa alpina were absent only from the adventitious roots, and he 
believed that loss of the accessory chromosomes in one tissue and their presence in 
another showed that during the development of the plant there must be a variation 
in the activity of the spindles. In Haplopappus spinulosus spp. cotula , Li and Jackson 
(1961) discovered that the accessory chromosome number was not only different 
between root and shoot but variations of chromosome number existed from cell to 
cell within the same flower. Their explanation for this kind of variation of chro¬ 
mosome number in different parts of the same plant would be somatic non-disjunction 
of the accessory chromosomes. Perhaps partial elimination of the accessory 
chromosomes took place early in the embryonic stage as in Xanthisma. In the 
Ardez strain of Poa alpina there are eight bivalents at meiosis but only 14 chromo¬ 
somes in the somatic cells. In this strain the accessory chromosomes are of the 
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same size as the normal chromosomes and, hence, the single accessory chromosome 
bivalent cannot be distinguished from the seven normal bivalents. However, Mttntzing 
(1966) discovered a deviating plant in the Ardez strain of Poa alpina in which one 
of eight bivalents at meiosis was clearly smaller than the others. In the root tips 
of this plant there are not only the 14 normal chromosomes but in addition 2 
apparently telocentric small chromosomes. By making crosses between this deviating 
plant and the normal plants of the same strain, Mttntzing testified that these 
telocentrics are the remaining part of the extra accessory chromosome, which is 
otherwise eliminated from the somatic tissues, and that the factor responsible for 
the somatic elimination was located in the accessory chromosome segment which 
had disappeared in the telocentric small chromosome. 

Somatic elimination also occurred in our present material. The somatic cells of 
5. nitidum plants with one accessory chromosome were examined, we found that 
the accessory chromosomes were entirely absent from the cells of the adventitious 
root tips. When the plants with one accessory chromosome grew to 6 inches high, 
we started to fix and examine the cells of the shoot apexes of their tillers once 
every other week and found that the accessory chromosome was lacking in nearly 
all of these tissues. As soon as the tiny spikes emerged in development, however, 
most cells of the shoot apex contained the accessory chromosome, only in a very 
few exceptions was that the accessory chromosome was eliminated. In Fig. 14 is a 
shoot apical cell with 11 metaphase chromosomes, representing 10 A chromosomes 
and one accessory chromosome, the accessory chromosome is slightly smaller in 
size than the other 10 A chromosomes. Fig. 15, shows a metaphase stage in the 
same plant, and in this cell from the shoot apex the accessory chromosome is 
absent, and only the 10 A chromosomes are present. These plants grew to 
maturity, and meiotic counts on microsporocytes revealed that all these plants had 
one accessory chromosome. The results indicate that the accessory chromosomes 
of S. nitidum are subject to somatic elimination, only being retained in those tissues 
which lead to the formation of pollen grains and embryo sacs. On the basis of the 
information that Mttntzing (1966) suggested, we may also perhaps assume that some 
substance is produced by the parts of the nucleolus chromosome which we 
speculate to be a lost segment from the accessory chromosome in our materials, and 
that this substance in the particular environment of the root tip is able to undergo 
somatic elimination. Therefore, the accessory chromosomes are entirely eliminated 
from the cells of the root tips. But it is impossible to verify this assumption 
by our present materials. From the cells of the shoot tip examined, we know that 
the accessory chromosomes are partially eliminated from the cells of shoot apex, 
but are well preserved in the germ line, we cannot fully interpret this phenomenon 
until further studies are made. However, in some organisms, the observation 
of this phenomenon that the accessory chromosomes may be discarded during 
formation of the somatic tissues, but maintained in the sexual-reproductive tissues, 
may be used to support part of Weismann’s theory that the germplasm contains all 
the hereditary determinants while the somatoplasm has lost everything except the 
material necessary for its particular function. 

Genetical and cytological effects of accessory chromosomes 

In general, the accessory chromosomes are considered to be genetically inert. 
Therefore they have no apparent phenotypic effects when only a few are present. 
But in many species, an increase in the number of accessory chromosomes above a 
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certain limit is usually accompanied by deleterious effects especially with regard to 
fertility and vigour, as shown by Randolph (1941) in maize. In the present investi¬ 
gation, a comparison between the phenotypes of the plants with and without accessory 
chromosome was made on plants growing under the same controlled environmental 
conditions and we found that those with an accessory chromosome seemed to have 
a slightly retarding effect on growth vigour. The plants without accessory chromo¬ 
some had slightly broader leaves, more tillers, faster growth and sooner flowering 
habits than those with one accessory chromosome. The plants with one accessory 
chromosome reached the heading stage about 4 weeks later than the normal plants. 
This delay in growth and sexual maturity perhaps caused individuals possessing an 
accessory chromosome difficulty in crossing with the normal population in nature. 
The accessory chromosomes, therefore, may bring about a reproductive isolation, 
however individuals possessing them interbreed successfully. Pollen fertility was 
determined by staining with I t —KI solution and then scoring 400 to 500 pollen grains 
to determine the percentage of stainable (considered viable) pollen. The percentages 
of stainable pollen in plants with one accessory chromosome and in plants without 
accessory chromosome are 61.10# and 79.96#, respectively (Table 4). Thus, plants 
with one accessory chromosome had a lower percentage of stainable pollen when 
compared with plants lacking accessory chromosome. From the data, we postulated 
that pollen fertility in S. nitidum seems to be associated with an accessory chromo¬ 
some. A possible explanation for reduction in fertility of plants with accessory 
chromosomes was suggested by Baenziger and Knowles (1962), they working with 
accessory chromosomes in crested wheat grass, indicated that the accessory chromo¬ 
somes may cause a certain degree of disturbance in gametogenesis and lead to 
reduction in fertility. 


Table 4. Pollen fertility of plants with and without accessory chromosome 



Effects of accessory chromosomes on meiosis were reported by Mochizuki (1957) 
for Aegilops mutica in which the meiotic irregularities might be attributed to the 
presence of a single accessory chromosome. In plants of Bromus inermis having 
accessory chromosomes, Nielsen (1955) also found that meiosis was disturbed as 
evidenced by stickiness, multiple chromatin bridges, multiple anaphase chromosomal 
associations and collapse of microspores. In our investigation, meiosis has been 
extensively studied. Delay and precocious separations of bivalents in meiosis were 
observed in plants with one accessory chromosome. A delay in the separation of 
the bivalents at AI (Fig. 17) were present in approximately 6 percent of the 
microsporocytes of plants with one accessory chromosome and precociously 
separated bivalents at MI (Fig. 18) were observed in low frequency in plants with 
one accessory chromosome. Since these irregularities in meiotic behavior were 
seldom observed in the plants lacking accessory chromosomes, it seems probable 
that these disturbances are direct effects of the accessory chromosome. 
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